There has been a progressive increase in the number of patients aged 65 years and over presenting for single or multiple anesthetics. In order to provide adequate care, a clear understanding of the physiological changes that occur with aging is needed. This review will examine the literature dealing with the effects of aging on pulmonary physiology and discuss their clinical implications as follows: mechanical properties of the lungs, gas exchange, control of breathing, and postoperative lung function. Because smoking, obesity, and chronic heart disease adversely affect lung function, the effects of these diseases also will be examined.
There are no longitudinal studies in the literature that examine all aspects of lung function. Therefore, we gathered data pertaining to different age groups and used regression analysis limiting extrapolation beyond the range of ages in any particular study.
Pulmonary Mechanics, Lung Volumes, and Capacities (Table 1) There are four basic changes that affect lung function as aging occurs. They are decrease in motor power, decrease in elastic recoil of lung tissue, stiffening of the chest wall, and decrease in the size of the intervertebral spaces. Their effects may be exerted singly or in combination.
Lung Compliance and Volumes
The changes in lung volumes and mechanics are due to the decrease in elastic recoil of the lungs and progressive stiffening of the chest wall. The loss of elastic recoil means that less pressure for expansion is required, i.e., increased static compliance. The lung tends to assume a larger volume, i.e., increased functional residual capacity (FRC), at resting transpulmonary pressure (Ptp). The latter decreases progressively with age (81). However, the concomitant change in the chest wall elastic properties (progressive stiffening and calcification of costal cartilage) counteract this trend for the lung to assume a larger FRC, which thus remains constant (42, 81) .
Figure 1(A) depicts static pressure-volume relationship of the lungs for a 20-and a 70-year-old seated healthy person. The general shape of the curve is not dissimilar, but the position of the curve for older subjects is shifted to the left (i.e., more compliant). Figure  1 (B) graphically illustrates the expected change with aging of various measurements related to the elastic properties of the lungs.
Although the ratio of FRC to total lung capacity (TLC) tends to increase with age (102), the absolute FRC, which is a direct function of height, changes little with age (42, 81) . Specific lung compliance (i.e., CL/L FRC), therefore, increases with age. The reduced elastic recoil of the lung is not due to decreased elastin content, which does not change with age (83) . The tensile strength of the lung is not reduced by aging (83) . Cross linkage and rearrangement of the collagen fibrils and elastin occur with aging; this rearrangement explains the increased static compliance without loss of tensile strength. But this rearrangement is probably regional rather than evenly distributed, which may create some areas of high and others of low compliance with zones of different time constants. Dy- namic lung compliance (i. e., compliance measured during active breathing) becomes quite frequencydependent with age (37) . At more rapid breathing rates, lung expansion may become less effective and may increase the maldistribution of ventilation relative to perfusion. The intervertebral spaces decrease in size with age leading to a decrease in total height. This height loss may account for the 10% reduction in TLC between the ages of 20 and 70 years (42), but a decrease in motor power also may play a role. The maximal pressure that can be generated by a full inspiration or expiration decreases with age (7) (Fig. l(B) ). This 
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volume the pressure measured reflects lung recoil alone. Transpulmonary pressure is measured at TLC. Note the logarithmic scale for elastance (the reciprocal of compliance) and that the scale decreases upwards. 20 decrease reflects the limitation to expansion imposed by the structural and motor power effects of aging and is of a greater magnitude in men (7) . The tendency for the lung to assume a larger resting volume and the limitations imposed by a stiffer chest wall with a decrease in motor power result in a change in the subdivision of TLC (Fig. 2) . From age 20, vital capacity (VC) decreases progressively ( -20 to -30 ml/yr) while residual volume (RV) increases ( + 10 to + 20 ml/yr) (42) . In fact, the ratio of RV to TLC increases from 25% at 20 years of age to about 40% in a 70-yr-old man (Fig. 2) , which gives the chest wall a barrel-like appearance. (62) ]. This reduction is due largely to the decrease in motor power of the accessory muscles of breathing and to decreased expansion of the chest wall. We noted before that maximal inspiratory force decreases with age and is related to sex. This difference also is seen in the changes in FEV, o, which decreases by about 27 mliyr in men but by only 22 ml/yr in women (33). The percent change in the two sexes may, however, be the same because men start off with higher absolute values of this measurement.
Smoking has significant effects on lung volumes and capacities. For instance, a 20-pacWyr history (i.e., one pack per day for 20 years) leads to a marked decrease in FEV, O r VC, FEVNC%, and maximal breathing capacity over the reduction due to aging alone (110) . The ratio of RV to TLC also increases. The annual decrease in FEVl,o can be increased ninefold by heavy smoking (52) . However, it is interesting to note that not all smokers will exhibit such changes. In some, no changes in FEVl.o may be noted and increased airway closure may be the only abnormality seen (12) . It should be mentioned here that aged lungs have some, but certainly not all, of the features of chronic obstructive lung disease, e.g., increased RV and RVITLC%, reduced VC and FEV, o, and frequency dependence of compliance.
Lung and chest wall compliance, FRC, ERV, and VC are markedly reduced by obesity (64). Consequently, the work of breathing is increased. The influence of obesity (or large weight-to-height ratios) on gas exchange will be examined later.
Airway Resistance
In normal humans, flow resistance is largely due to the more central airways. The contribution of small peripheral airways (i.e., beyond the 10th to 12th airway generation) is very small. With aging, the larger and more central airways increase in diameter as noted by an increase in anatomic (87) and physiologic dead space (100). Beyond age 40, the diameter of the small airways decreases significantly (75); however, airway resistance, as measured by currently available methods, remains unchanged (10, 17) . It is possible that the method used is not sensitive enough to detect small changes in resistance. It also is possible that the increase in distal resistance and the decrease in proximal resistance cancel each other, giving a constant value. Specific resistance (i.e., resistance/L FRC) remains unchanged.
Airway Closure
Small airways without cartilagenous support with diameter less than 1 mm are kept open by the guyrope effect of the elastic tissue surrounding them and by subatmospheric intrapleural pressure (Ppl). Airway stability is promoted by airway surfactant (65) . The decrease of elastic recoil with age reduces the stability of small airways, leading to a tendency for these airways to close. The diameter of small peripheral airways, as noted in postmortem specimens, also tends to decrease after age 40 (75) . The extent of airway closure (closing volume or capacity, CV, CC) has been shown to increase with age (11) . The value of Ppl also is related to age with mean Ppl = -6.3 +-2.7 cm HZO in children (47) , whereas in adults (60-80 years old) mean Ppl is -4.8 -+ 2.0 cm H20 (37). Intrapleural pressure depends on posture, increasing by about 4-5 cm H20 when changing from the seated to the supine position (32), suggesting that small airways may lose some stability in the supine position. The decreased ventilation of basal lung units in obese subjects was attributed to airway closure occurring in these basal units (54). Indeed, subjects with a relatively large weight/height ratio tend to have CC/FRCs that are greater than that predicted on the basis of age alone (Fig. 3) . This suggests that body build plays an important role in determining the extent of airway closure that becomes physiologically significant when CC exceeds FRC (20) .
In cigarette smokers, closing volume increases disproportionately to age (12), while other tests of small airway function may be normal. It is sometimes impossible to detect the change in slope necessary to measure CC in heavy smokers (71) . The influence of airway closure on gas exchange will be examined later. 
Changes during Anesthesia
We have very little information on whether pulmonary mechanics during anesthesia are influenced by age alone. The following is a brief statement of current knowledge relating patient factors to intraoperative lung function. Upon assuming the supine position, there is a reduction in FRC (20) and hence an increase in airways resistance. Compliance may become less (32) . After induction of anesthesia, FRC and compliance are reduced and airways resistance is increased. However, an increase in airways resistance has not always been noted. The changes in FRC and compliance occur during or shortly after induction, at which time impedance to inspiratory gas flow is significantly increased (38) . The reductions in compliance and FRC are not progressive with time. There is a striking similarity in the features of reduced FRC and compliance; indeed, these changes may be due to the same mechanism. The decrease in lung compliance is greater in obese subjects but is not related to age (41) . The reduction in FRC, which may be the initial and critical event, has been reported to be of greater magnitude in the aged (48), the more obese (23) , and patients with low FEVl.o (51) . Such patients should have more severe derangements of gas exchange during anesthesia. Indeed, the increase in V/Q mismatching during anesthesia is a direct function of preoperative pulmonary status (27) . Intraoperative gas exchange is related to the extent of decreased FRC (44, 48, 49, 51) , the ratio of preoperative CC to intraoperative FRC (108) , and preoperative lung function, specifically FEV1.o (84,103). The magnitude of enlargement of P[A -a]02 during anesthesia has not been shown to be clearly a function of the patient's age alone.
The decrease in lung compliance during anesthesia should entail an increase in elastic recoil. Because airway closure is in part due to loss of elastic recoil, one could anticipate that closing capacity will be less during anesthesia. However, there is no agreement on what happens to CC during anesthesia. Two earlier studies, using the resident gas technique, reported no change in closing capacity (39, 44) (Fig. 4) . Because this method may give wrong results in anesthetized patients, the study was repeated using the foreign gas technique, which is believed to avoid this error. One group reported a proportionate decrease in CC and FRC (Fig. 4) , such that CC/FRC ratios in the 28 subjects studied remained age-related (57) (Fig. 5) . Their data suggest that CC decreases to the same degree in all patients, but that FRC decreases to a lesser extent in younger patients (Fig. 5) . The other group (45), however, reported that CC does not change and that CC/FRC is of a larger magnitude during anesthesia (Fig. 4) , confirming their previous report (44) . The reasons for differing results is not clear and we must await further elucidation.
The change in airways resistance during general anesthesia also requires clarification because not all reports confirm the expected increase. The inverse relationship between airway resistance and FRC suggests that the former should increase during anesthesia.
Can positive airway pressure reverse airway closure? The transpulmonary pressure at which airways close or open is the closing or opening pressure (CP, (39, 44, 45, 51) . Note that in three reports, CC was unchanged while FRC was less during anesthesia. CCiFRC increased in these studies. In one report, both capacities were proportionately less. The reason for this difference in results is still not fully or satifactorily explained. Age (Years)
FiRure 5. Intraoperative CC, CCIFRC, and age. Results of regression analysis of age against CC and CCiFRC before and during anesthesia (57) ( Table 1) . Note the decrease in intercept but lack of change in the slope in the age:CC relationship. Between age and CC/FRC, there is a small difference in intercept and slope that makes a small difference in the change at both ends of the range of ages studied.
OP). During active breathing, C? in young subjects is about -1.25 cm H20, and OP is + 2.5 cm H20, the difference being hysteresis (53) . The values for CP and OP in subjects aged 65-75 years are 0 and 4.5 cm H20, respectively (53) . During anesthesia with controlled ventilation, the opening pressure is about 6 cm H 2 0 (6) . In order to reopen such airways with positive end-expiratory pressure (PEEP), the system pressure must be sufficiently high to deliver such pressures to the closed airways and also must overcome chest wall resistance. The effectiveness of PEEP in clinical circumstances will, therefore, be limited (111) by this and by the effects of PEEP on cardiac output and pulmonary blood flow distribution.
Alveolar Gas Exchange (Table 2) Gas Exchange in the Awake State
The efficiency of alveolar gas exchange decreases progressively with age for a number of reasons. The small increase in anatomic dead space (35,100) alone cannot account for the uneven pattern of distribution of inspired gas in older subjects that contrasts with the more even distribution in younger subjects (36) . The closure of basal lung units during tidal breathing whenever closing capacity exceeds functional residual capacity is a very attractive explanation (53) . In older subjects the pressure across basal lung units may be positive rather than subatmospheric. Thus during quiet breathing, inspired gases will preferentially go to the more distensible upper lung units leading to an uneven distribution of gases (53) . When older subjects take larger and slower breaths, creating a more subatmospheric intrapleural pressure throughout and opening closed airways, inspired gases are more evenly distributed (29) , as is seen in young subjects. During quiet breathing, gas trapping behind closed airways occurs and is a direct function of age (53) . Upon assuming the supine position, a maneuver whose effect on Ppl was noted above, FRC decreases while CC does not change (20) . Under such circumstances, gas trapping behind closed airways increases by a measurable amount (24) . These studies lend support to the belief that the uneven distribution of inspired gas is largely due to airway closure. Unless the distribution of pulmonary blood flow changes appropriately, VlQ mismatching will occur. A significant correlation between CC/FRC and P[A -a]02 exists ( Table  2) . The transfer of carbon monoxide across the alveolar membrane, a measure of diffusion, decreases with age (26) . This loss, which is presumably due to structural changes, is relatively greater in men than it is in women (0.24 ml/torr/year 7. 1 0.16 ml/torr/year) (5). In smokers, the loss is accelerated (110) . Alveolar surface area also decreases with age from about 75 m2 at age 20 years to about 60 m2 at age 70 years (101) .
Beyond the alveolar surface, a number of factors contribute to the derangement in gas exchange. Although blood volume does not change with age p), that present in the pulmonary circulation at any one moment decreases with age (31) . Hemoglobin content decreases with age. There also is evidence that the distribution of pulmonary blood flow changes with aging, promoting V/Q mismatching (109). Alveolar dead space, which is a good index of the distribution of pulmonary blood flow (93)' increases with age (87). One can speculate about the cause of the lack of appropriate change in pulmonary blood flow distribution to restore VlQ matching. Pulmonary vascular resistance at rest is not age-dependent, but, during exercise, is higher in older subjects (30). The more rigid pulmonary vasculature in the aged probably results in blunting of the hypoxic pulmonary vasoconstrictor (HPV) reflex. The efficiency of vascular distensibility and recruitment probably is decreased. The loss of physical support of surrounding pulmonary elastic tissue may be a contributing factor.
Cardiac output under basal conditions decreases progressively with age (9). This will certainly play a role in determining pulmonary blood flow and in arterial oxygenation. The relationship between cardiac output (Qt), oxygen consumption (Vo2) and the arterio-venous O2 content difference [C(a -+)02] is Fick's equation. Because both Voz (8) and Qt decrease with age [cardiac index (L/m/m2) = 4.16 -0.02 age (pooled data)], C(a -V)O, will remain the same so long as the same percent decrease occurs in both other measurements. No published data could be found to give agerelated values of C(a -V)02. The net result of all these factors is an increase in VlQ mismatch. Therefore,we get a progressive increase in all the measurements indicating the inefficiency of gas exchange ( Table 2 , Fig. 6 ). An important question is what other factors augment the influence of aging on arterial oxygenation. Body build and smoking history adversely affect Paol (40) . Arterial Po, also is influenced by low FEVl.o (105) . Arterial Pco, has been reported not to be influenced by age (91) . Another study, however, reported a small but significant increase in Paco, with a corresponding small decrease in alveolar PO, (PAo,) (40) .
lntra-and Postoperative Gus Exchange
Alveolar gas exchange during and after anesthesia almost invariably becomes less efficient. A major cause of this is believed to be an increase in V/Q mismatching. The average Pao2/PAo2 in a number of studies analyzed was approximately 0.5 (77). The question now is whether or not Pao, during anesthesia is related to age. The pooled data from studies dealing with spontaneously breathing patients were analyzed and an inverse relationship between age and Po, was found ( Fig. 7 and Table 3) . In studies where ventilation was controlled, a similar relationship could be found only in three reports (13, 108, 111) . The influence of controlled ventilation on cardiac output explains the lack of a relationship between age and Pao2 in the other reports examined.
To what extent is the gas exchange derangement in surgical patients due to airway closure? Upon assuming the supine position, P[A -a]02 and gas trapping behind closed airways increase (2024). The percent increase is less in subjects whose CWRC is greater than 1.25 than in subjects with values of 0.1-1.25. However, P[A -a]o, and the volume of gas trapped Age (Years) Figure 7 . Pao, and age during anesthesia. All subjects were breathing enflurane in oxygen and nitrous oxide (2:3 Limin) (103 and 104).
are directly related to CCiFRC. During anesthesia, gas trapping and P[A -a]oz are a direct function of preoperative closing volume (25, 108) . The clinical picture of postoperative pulmonary dysfunction was recently described in detail (21) . In summary, the picture is that of restrictive lung disease with reduced FRC and VC. But the reduced FRC must cause an increase in airways resistance, adding an element of obstruction as well. The changes are more pronounced after upper abdominal surgery. The fullblown picture may not be present immediately after surgery, but only appear on the following day. The changes are maximal during the first 2-3 days with gradual recovery over the next week.
The magnitude of postoperative hypoxemia is a function of a patient's preoperative CCFRC ratio (1, 34) and age [postoperative Pao, = 94.3 -0.455 age (77) ]. In all likelihood, postoperative hypoxemia is a major consequence of the deranged pulmonary mechanics (20) through the influence of the latter on ventilation to perfusion mismatching. This view is supported by the report that together with an age-related value of PAo, after surgery, FRC and increased unevenness of inspired air distribution also are functions of age (58) . In the latter study, the slope of the age/Pao2 relationship was steeper after anesthesia, meaning that older subjects will be relatively more hypoxemic. Postoperative hypoxemia may theoretically be a consequence of intraoperative hyperventilation (97) .
During the few hours immediately after elective prostatectomy, healthy older patients have increased minute ventilation and cardiac output with ValQ mismatching (88).
Control and Pattern of Breathing
The effect of any factor on breathing control in humans is determined by measuring the increase in minute ventilation after a specific stimulus. The latter is either induced hypercapnia or induced hypoxia. In healthy older people (about 70 years old) the ventilatory response to either stimulus is half of that in young persons (average age 25.6 years) (59) . This observation indicates the degree of blunting of the ventilatory response to hypercapnia and hypoxia by aging but does not explain the mechanism of that blunting. The mechanism can be identified if the measurements and analytic techniques employed allow the use of the model of the control of breathing proposed by Clarke and von Euler (14) . These authors suggested that the final output of the ventilatory control system should be viewed as consisting of two physiologic components. The first, an inotropic effect, is the generation of inspiratory flow (V,) after contraction of muscles of respiration. The magnitude of V1 can be estimated by the ratio of tidal volume to inspiratory duration (VT/TI). Before the neural output from the respiratory center can be transformed into actual flow, that output first must be transformed into enhance the investigative methodology because occlusion pressure is not influenced by pulmonary mechanics, which is the case for V,. Also, the ratio of Po to V, (effective impedance) is a valuable, simple, and noninvasive index of pulmonary mechanics. The other component is a phase-duration timer (i-e., chronotropic activity), which determines inspiratory, expiratory, and total cycle duration (TI, TE, and TTOT).
Factors that influence ventilation can effect one or both components by acting on the gain of either output. The model and analytic technique needed can be easily understood by referring to Figure 8 . The mechanism whereby aging leads to reduced ventilatory response to hypoxia and hypercarbia has been defined by this approach (82) . The influence of both stimuli on frequency, TI, and TI/TToT in young normal subjects (mean age 24.4 years) 
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is very similar to that in older healthy subjects (mean age 73.3 years). However V1, and hence minute volume, is significantly greater in younger subjects. Thus the lesser increase in ventilation in older subjects is not due to a change in the response of the timing mechanism. Occlusion pressure and the resulting flow are of a lesser magnitude in the aged. This could be due either to a reduced central output or to a reduced responsiveness by the ventilatory pump (chest wall and diaphragm). The rib cage contribution to tidal volume is less, but not significantly so, in the younger group. We do not know whether or not the abdominal muscles and diaphragm responded differently in the two groups. An interesting observation can be made when the mean values ( ? SEM) of Po and V, for both groups are plotted along effective impedance isopleths. Surprisingly, older patients operate along lesser impedance isopleths (5 cm H20/L/s), (Fig. 9(A) ). These studies were performed with subjects in the seated position. They may have been able, therefore, to breathe more freely than if they had been supine. The values of Po in 28 awake unpremedicated supine surgical patients (38) are shown in Figure 9 (B), together with the calculated best-fit line. There is clearly a trend for Po to decrease with age. In summary, older subjects generate less ventilatory driving pressure both at rest and during hypoxia and hypercapnia. The increase in ventilation during hypoxia and hypercapnia is a useful clinical sign and also a homeostatic response. The fact that these responses are blunted in older subjects indicates that simple clinical observation of ventilatory frequency and chest movement with breathing may not be sufficient. The cardiovascular responses under these circumstances (heart rate and blood pressure increases) also are blunted with aging (28, 59) .
The clinician will realize that together with these age-related reduced responses in the awake state, the ventilatory responses to hypercapnia are reduced by narcotic premedication (50) ,and by thiopentone and narcotic and inhalational anesthetics in a dose-related manner (50) . Subjects with chronic resistive loads [i.e., low forced expiratory volume (FEV,.,)], have a lesser response than normal patients (84). The decrease in FRC during general anesthesia is greater in patients with low FEVl.o (51), such that their ventilatory pump is less efficient. One must wonder to what extent ventilatory mechanics play a role in the reduced response to hypercapnia that patients with chronic obstructive lung disease exhibit. However, not all patients with chronic obstructive lung disease respond identically to added ventilatory loads. This may depend on the relative absence or presence of endogenous endorphin elaboration (92) . Drug therapy also has an influence. Patients on beta adrenergic blockers (89) and dopamine (79) have blunted cardiovascular and ventilatory responses. The breathing pattern in eupneic humans was examined in a large study (56) . Beginning at age 20 years, tidal volume decreases while frequency increases. The duration of expiration decreases with age, as does the ratio of TI to TTOT. Minute ventilation, however, does not change. These trends probably reflect the adaptation to progressive stiffness of the chest wall. Therefore, a slightly reduced tidal volume with a moderate tachypnea is to be expected in healthy, older subjects. The study also examined the influence of absolute body weight. Tidal volume increases while frequency decreases with body weight irrespective of age.
The authors reported that, irrespective of the values of tidal volume and frequency, V, in all age groups (classified by decades) is nearly the same, 0.32-0. 35 Lis. This observation indicates that the final interaction between neural drive and ventilatory response is the generation of a very specific inspiratory flow common to all age groups.
Postoperative Management
The mortality in elderly patients after surgery has been reported to be about 3.5-6.2% (22, 74) . In these 40 50 60 70 80 Age (Years)
two reports, deaths due to pulmonary factors constituted 33% and 48%, respectively. The close examination of these two and other reports (15, 16) reveals very interesting information. The mortality in patients over 60 years of age is almost three times that in patients less than 60 years old. Emergency operations increase mortality risk threefold in older patients. Preexisting disease (if controlled beforehand) increases the mortality fourfold, but if the concomitant disease is acute, mortality increases by 44.1%. There is no data to suggest that age alone increases risk. Indeed, the unfavorable prognosis may be almost entirely due to the concomitant disease rather than age or the scheduled operation. Cardiopulmonary causes, together with sepsis/peritonitis account for about 50% of the deaths (16) . These considerations raise two questions: why are older patients at such risk and how should we manage these patients? The causes can be grouped under the following four headings.
Preoperative Pulmonary Status. The fact that older patients have some of the features of chronic obstructive pulmonary disease(C0PD) should not imply that they should be considered as having COPD. Chronic bronchitis and obesity however, do increase the risk, as does chronic left-heart disease.
Postoperative Lung Function. This essentially consists of a mix of restrictive and obstructive lung disease. The whole picture may not be apparent immediately after surgery, but the changes are present maximally during the first 2-3 days after the operation. However, other factors may be present in the recovery period that will increase the risk. These pa- tients may be hypoxemic and they are breathing at a mechanical disadvantage. The risk is increased by the supine position and by the use of narcotic analgesics in an age group that already has blunted ventilatory reflexes to hypoxia and hypercapnia. Any residual anesthetic also will exert an effect. The elimination of narcotics and muscle relaxants may be delayed due to the impaired renal function in older patients (3). The effects of large volumes of crystalloid infusion may manifest in the recovery room (60) .
Cardiopulmonary Reserve. Normal, older subjects have decreased ability to increase and maintain ventilation at high levels during periods of increased demand for oxygen (76). Ventilatory muscle fatigue is quite likely to occur early due to the altered physiology of voluntary muscle (95) . Older patients have a reduced cardiac index (9) and a reduced ability to increase heart rate under such circumstances (2, 91) . Therefore, they cannot efficiently increase oxygen transport. Accordingly, the increased oxygen extraction may lead to an enlarged arterio-venous oxygen content difference that will further increase hypoxemia. The period during which this extra demand is made is when the patient's ventilatory apparatus is maximally disadvantaged. Most cardio-pulmonary complications occur at that time. The oxygen demand increases when there is hypoxemia, acidemia, hypoor hyperthermia, or when cardiac output is low. The ability to increase ventilation will be limited by any coexistent pulmonary disease. A low fixed cardiac output due to disease also will limit the response to increased oxygen requirements. Additionally, older patients perceive and respond to increased loads (be they resistive or elastic) less efficiently than younger patients (98, 99) . The limited ability of older patients to maintain higher levels of ventilation and circulation, particularly if cardio-pulmonary disease also is present, can lead to ventilatory inadequacy and failure. Obviously this is more likely to occur after major abdominal surgery. The subjective feature of ventilatory inadequacy is dyspnea. Dyspnea is related to the peak subatmospheric intrapleural pressure during maximal inspiration (70) . This relationship is the physiologic basis of the use of peak inspiratory force as a test of instituting or discontinuing controlled ventilation. It seems reasonable to assume that older patients will be dyspneic earlier for any given ventilatory load.
Protective Airway Reflexes. Older patients have fewer cilia and their tracheo-bronchial tree is less able to recognize the presence of foreign bodies or noxious substances (85). Coughing is less efficient in terms of volume, force, and flow rate. In view of the above discussion designed to emphasize the added risk in geriatric anesthesia, particularly in patients with concomitant disease, we now look at what can be done to prevent postoperative pulmonary complications.
The first step must be an adequate assessment and the correction of any abnormality noted in the phys- ical examination and laboratory tests. For operations other than pulmonary resection, the assessment should consist of the determination of expiratory volumes and flow rates and arterial blood gases. That information can be used to classify the patient into one of four possible groups ( Table 4) . Some also measure an index of left ventricular stroke work (63) . The anesthetic technique and agents are of less importance than the degree of preparedness and the acumen of the anesthesiologist. The anesthetic requirements decrease with age (96) . The management of the patient after major abdominal or orthopedic surgery will depend on the preoperative classification, For patients in groups I and 11, a stir-up regimen, incentive spirometry, and oxygen-enriched air in age-dependent doses (61) may be sufficient. The need to institute any measure that restores FRC even partially must be stressed. The seated position increases FRC and could be the equivalent of 10 cm H 2 0 positive-end expiratory pressure (PEEP) (15) . The seated position can improve gas exchange (20) . Epidural analgesia with adequate intravenous hydration has no detrimental effects on FRC, VC, and gas exchange (106) and may be useful, although the restoration of FRC and VC is not complete (21) . For patients in groups I11 and IV, one must seriously consider instituting either controlled ventilation with PEEP or the latter with spontaneous ventilation (sPEEP) preemptively. In this context, a knowledge of CCiFRC may be useful in order to provide an inspiratory lung volume (FRC plus tidal volume) that is greater than CC (108) . For patients scheduled for pulmonary resection, the assessment also should include tests that indicate whether the remaining lung tissue would be adequate for gas exchange.
The patient's nutritional status also is very important. There is clear evidence that undernourished patients breathe shallowly, have poor ventilatory responses to COz, and do not sigh. This situation is reversed after appropriate dietary intake (Rosenbaum SH, Askanazi J, Hyman 
